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PURPOSE

To develop a large, high-capacity gate for free discharge
regulation into an open stilling basin at heads up to 240 feet,

CONCLUSIONS

1. A downstream-seal slide gate with narrow, specially designed
gate slots and a leaf with a 45-degree sloped bottom with the spring point
as far downstream as practicable will produce smooth, relatively spray-
free flow onto a stilling basin apron (Figures 16, 27, and 28). Pressure
measurements on the 1:19 model of the recommended gate design without
vents indicate that it will be cavitation-free at all openings, except those
between 97 and 100 percent. Venting will be required at openings between
97 and 100 percent. Upc.. reaching the full-open position, the gate is
again cavitation-free without venting.

2. Air vents in a band across the roof of the downstream frame
near the gate leaf will limit the negative pressures at 97 to 100 percent
openings to safe values (Figure 21). :

3. Narrow gate slots produce a smoother stream with less spray
and smaller sidewall fins than wide slots. The gate leaf may need to
be thick across the flow passage to resist bending, but its thickness
should be reduced at the sidewalls to the much smaller dimensions re-
quired for the shear loads to permit the use of narrower slots (Figure
17).

4, By outwardly offsetting the downstream slot corners 1/2 inch
(prototype), and then slightly converging the walls to return the pas-
sage width to that of the upstream frame, serious negative pressures
are avoided at the slots and on the side walls and roof of the downstream
frame (Figure 21),




5. The coefficient of discharge for the fully opened 7-foot 6-inch
by 9-foot O-inch recommended slide gate is about 0.94 based upon the
area of, and the total head in, the 114-inch conduit (Figure 20).

6. The recommended gate design may be used without change for
discharge into closed or open conduit, as well as onto a stilling basin
apron (Figures 14, 15, and 16). As with any control device, venting
will be required where the discharge enters a closed conduit,

7. ‘The recommended gate design may also be-used for subrc.gaed
installations, Care must be taken to insure that adequate submergence
is provided for the head differential available. Data is presented which
makes a determination of this required submergence possible (Figures
24 and 25).

8. The necessary test facilities should be provided at Palisades
Dam so thatobservations canbe made during the operation of a full-
sized gate. :

9. An upstream seal gate with wide gate slots and without a con-
trolled flow contraction prior to the release of the water is not suitable
for free discharge regulation into an open stilling basin,

10. Deflectors which provide sufficient flow contractions for good
gate operation reduce the flow capacity of a given size gate. The jet
flow valve (fixed wheel gate) developed for Shasta Dam (Report No.
Hyd-2.1) is an upstream seal gate with the contraction produced by a
45-degree inwardly sloping circular orifice immediately upstream
from the fixed wheel leaf. This design has been found excellent in
field service and has a discharge coefficient of 0.70 based upon total
head and conduit area. The model studies reported here indicate that
no particular improvement can be made on this type gate.

11. Devices such as honeycomb-like baffles and guide vanes placed
immediately upstream from the gate are generally impracticable. Sim-
ilarly, extensions to the leaf to provide controlled contractions are im-
practicable. ~ ,
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INTRODUCTION
Palisades Dam is located in Idaho on the south fork of the

Snake River approximately 8 miles west of the Idaho-Wyoming border
and about 75 air-line miles northeast of Pocatello (Figure 1). The
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dam rises about 260 feet above the river bed and is a rock-faced,
compacted earth structure 2, 200 feet long at the crest (Figure 2).

It will provide water storage for supplementary irrigation to 650,000
acres now receiving water from the Snake River and from its tribu-
taries above Milner Dam. It will provide direct flood protection for
100, 000 acres of agricultural land upstream {rom Idaho Falls, and
indirect protection to the communities and lands farther downstream.
Its powerplant will develop a yearly average of 387 million kilowatt
hours of electricity.

A spillway, controlled by two 20- by 50-foot radial gates, is
located at the left abutment of the dam (Figure 2). The water released
by the spillway, up to a maximum f{lood flow of 48,000 cfs, is dis-
charged through a 28-foot-diameter tunnel to the river channel down-
stream from the dam. The outlet works are also located at the left
abutment and release flows up to 42, 000 cfs through six 7-foot 6-inch
by 9-foot 0-inch regulating slide gates and two 96-inch hollow-jet
valves (Figure 3). Two of these slide gates are connected to the 26-
foot-diameter penstock which serves the generator units in the power-
house. The other four slide gates and two hollow-jet valves are con-
nected to a second 26-foot-diameter conduit. Normal water releases,
in excess of the turbine requirements, will be made through the hollow-
jet valves. Larger recleases, including floodwaters, will be made
through the slide gates. The maximum head on the cutlet works is
235 feet,

The desirability of using a minimum number of outlet branches
and control structures to handle the flows through the dam requires that
large quantities of water pass through each branch, The discharge co-
efficient of approximately 0. 70 for hollow-jet valves (based on conduit
area and total head) was not high enough to permit discharging the re-
quired amount of water without an excessive number of valves, orvalves
of excessive proportions. On the other hand, the favorable discharge
coefficient of more than 0.90 for slide gates permits passing the 42, 000
cfs of water through only seven gates 7 feet 6 inches wide by about 9 feet
0 inches high. One of these gates was replaced with two 96-inch hollow-
jet valves in the final outlet works arrangement making a total of six
slide gates and two hollow-jet valves (Figure 3). :

The 235-foot head under which the outlet gates will operate is
much greater than the heads at which large regulating slide gates have
previously been used. It was therefore necessary to develop a gate de-
sign suitable for use at any opening and any head up to the above maxi-
mum. This slide gate development program and the results obtained
from it are described in this report.




INVESTIGATION

Upstream Seal Gate

The Design

A tight-sealing, easy-moving gate with a minimum hydraulic
downpull was desired. These conditions seemed best filled by a fixed
wheel gate with the skin plate and seal on the upstream face of the leaf.
A tentative design embodying these features was prepared by the de-
signers (Figure 4). The gate frame downstream from the leafl was
made wider than the 8-foot 0-inch-wide upstream frame to remove
the downstream slot corner from the path of the water. Similarly,
the roof of the downstream frame was higher than the roof of the 9-
foot 6-inch-high upstream frame. The gate slot was wide to accomo-
date the thick gate leaf and its wheels. '

Mndel Description

A 1:19 scale model was built of a 7-foot 6-inch by 9-foot 6-inch
gate (Figure 5), This gate was 6 inches narrower than the one origin-
ally proposed and was used because its full-open area of 71.2 square
feet approximately equaled the 71.0-square-foot area of the 114-inch .
conduit. Transparent plastic side plates were used to form the outside
boundaries of the gate slots so the flow inside the slots could be ob-
served. The gate was connected to a 6-inch inside diameter, smooth-
walled brass pipe by a transition. The 6-inch pipe, at the model scale
of 1:19, represented the prototype 114-inch steel conduit, and the 13-
foot-long madel section was connected to a 4-foot-diameter pressure
tank by a bellmouth. Water was supplied to the tank through the central
laboratory piping system which included Venturi meters for measuring
the rate of flow. A ring of four piezometers was provided 1 diameter
upstream from the outlet of the 6-inch pipe to measure the piezometric
head of the water entering the gate-transition assembly. The water dis-
charged freely into the atmosphere after leaving the gate and returned
to the laboratory supply reservoir for recirculation.

Model Tests

Tests on preliminary design. At the full-open position, -water
flowed smoothly out of the gate without touching the sides or top of the
downstream frame (Figure 6A). However, when the gate was closed so
that the leaf entered the stream, the flow at the top of the gate opening
spread and struck the slot corners. As the gate was closed further,
more of the stream entered the slot. At a closure of 3 percent (87 per-
cent opening) the model slots were filled from the floor to the top of the
btonnet. At 83 percent opening, large quantities of spray occurred at
the corners formed by the gate leaf and the side walls (Figure 6B). At
smaller openings, pressure built up within the slots and forced water
out of the bonnet and down the back of the leaf. This water fell on the
issuing jet to cause additional spray (Figures 6C and D).




Effect of wideninz Gownstream frame. It was evident that the
downstream gate frame was not wide enough to clear the flow when the
leaf extended into the stream. To determine how wide the frame should
be, the frame was removed, and the leaf was held in place with clamps
(Flgur'es 7A and B). Water was passed through the gate, and the angle
of flow divergence noted. This divergence was much greater than an-
ticipated, particularly at the small openings, and it was impracticable
to provide a downstream {frame wide enough so the corners would not
be struck by the water.

Effect of gate leaf extensions. It was noted that the water
which entered the slots came primarily from the top of the jet at the
sides of the gate. If this water could be directed straight downstream
from the leaf, rather than being allowed a sideward component, there
would be no impingement on the slot corners and the flow would be
smoother. Various shaped extensions were added to the bottom cor-
ners of the leaf, and an extension was added to the center of the leaf
in attempts to produce the desired flow (Figures 8A, B and C). None
of the extensions were found effective.

An extension which projected upstream the equivalent of 10
inches from the leaf face (Figure 8D), and thereby shifted the point of R
control 10 inches upstream from the slot, improved the flow conditions. /
A longer extension would probably have produced even better flow con- S
ditions, but short tube action under the gate at small openings with
either the 1G-inch or the longer extension would introduce severe neg- R
ative pressures and cavitation. The tests were discontinued because of =
the pressure and structural problems,

Effect of baffles upstream of gate. It appeared that if the flow
at the gate leaf were constrained to move parallel to the floor and walls
of the frame there would be less flow contraction under the leaf and less
tendency for the stream to spread into the slots. A honeycomb-like baf-
fle (Figure 9A) immediately upstream from the leaf improved the flow
near the slots. A second honeycomb, with passages which converged
from the sides toward the center and from the roof toward the floor, was
also used {(Figure 9B), but theactionwas toosevereand the water formed
a high vertical fin at the top of the stream. In addition, head losses
were high. With both honeycombs there was a shift in control from the
gate leaf to the upstream edge of the honeycomb when the leaf bottom
was level with, or slightly below, a horizontal honeycomb member. This
control shift was objectionable and steps were taken to relieve it by re-
moving the central portion of the grid so that only a strip remained on
each side of the passage (Figures 9C and D). The control shift was
greatly reduced from that with the full grids, and less water entered the
slots than would have entered if the strips were not in place. Neverthe-
less there was considerable turbulence at the slots and large fins formed
on the sides of the jet. It appeared that for the Palisades installation
the objectionable features of the honeycombs outweighed the desirable
features, and the tests were terminated. B




Effect of {low deflectors. Previous experience with the jet
flow valve (fixed wheel gate, Report No. Hyd-201) indicated that, by
deflecting the flow toward the gate center line immediately upstream
from the gate leaf, the flow could be made to clear the slot corners
downstream. Several deflector designs were used on the walls, {loor,
and ceiling of the Palisades gate model, and the operation with the
equivalent of 2-inch, 90-degree side wall deflectors and a 6-inch, 90~
degree floor deflector is shown in Figure 10. At the full-open posi-
tion the side contraction, without a corresponding ceiling contraction,
produced a fin at the top of the stream that rose higher than the gate
bonnet (Figure 10A). Closing the gate 3 percent eliminated this fin
(Figure 10B). In general, the flow characteristics were good. How-
ever, the coefficient of discharge. of the full-open gate, based upon
the cross-sectional area of the conduit 1 diameter upstream from the
transition section and upon tne total head at this point, was 0.71. At
the 3-percent closed position the coefficient was 0.67. These values
were much lower than had originally been sought. -

The design of the gate at this point resembled that of the jet
flow valve (fixed wheel gate), with the exception that the orifice was
rectangular instead of round. It was felt-that not enough advantage
could be gained over the jet flow valve to warrant further study atthis
time. The investigation was therefore shifted to study the possibili-
ties of developing a downstream seal gate suitable for the high heads
and flows at ['alisades Dam.

Downstream Seal Gate

The Design

The customary ''standard, high-pressure slide gate, ' which
is a downstream seal gate, has hydraulic deficiencies which greatly
reduce its usefulness and-dependability. Cavitation in serious propor-
tions has Lieen encountered on the gate leaves, and on the gate frames
near the slots. Some of the cavitation damage at Cabhallo Dam (maxi-
mum head 75.25 feet) is shown in Figure 11. At Rye Patch Dam (max-
imum head 53. 35 feet) the bottom of the gate leaves were so bhadly
eroded that large areas were eaten through the castings (Figure 12).
During model tests on Cedar Bluff and Medicine Creek outlet works
the jet from the standard gate was found to be so poorly distributed that
the stilling basins immediately downstream could not operate properly.
It became necessary to redesign the gate leaves and slots during the
model tests to obtain the required smooth stream (Reports No. Hyd-
245 and Hyd-273). Conditions such as those for the standard gate can-
not be tolerated at Falisades Dam where the gates may discharge at
partial openings at high heads for long periods of time onto an open
stilling basin chute.

Gate slots have been a source of trouble to the Burenu of
Reclamation and to other engineering organizations for a long time,




and much work has been done toward developing shapes which will be
satisfactory from the viewpoints of design, construction, and hydraulic
performance. The major portion of the work done in the past by the
Tureau of Reclamation, together with new work which pertains directly
to the Ialisades gate, will be assemtled in a report at a later-date.
The slot used in the Falisades gate (Figure 17) was developed in the
test program to be discussed in the above report.

Experience with the Cedar Bluff model gate indicated that’
narrow slots created less flow disturbance and spray than wide ones.
At Falisades Dam a thick gate leaf is required to withstand, without
undesirable bending, the large forces exerted by the water at the high
heads. The seeming inconsistency of using a thick gate and narrow.
slots was resolved by using the full gate thickness across the width of
the passage while reducing the thickness at the slots to that required
to withstand the shear loads (Figure 17).

A 45-degree sloping bottom was selected for the gate leaf to
keep the leaf bottom free from cavitation, to obtain as small a hydraulic
downpull as was reasonably possitle, and to obtain a smooth water sur-
face on the jet. :

Low pressures conducive to cavitation are avoided by using a
bottom which slopes rather steeply (Report No. Hyd-13C). A slope
(measured in the flow direction from the horizontal gate center line to
the gate bottom) of 45 degrees was selected as the best compromise
between hydraulic and structural considerations.

The magnitude of downpull is determined by the leaf cross-
sectional area and the pressure differential between the fop and the
pottom surfaces. By providing a leaf shape which avoids low pressures
on the bottom surface the differential is reduced and unreasonably large
downpull forces are avoided.

As previously discussed, a well-distributed and relatively
spray-free discharge was desirable since the flow entered an open still-
ing basin adjacent to the powerhouse. Experience with the Cedar Eluff
model gate showed that smooth flow could be obtained by keeping the
control noint in the gate as far as possible toward the downstream edge
of the slots (Report No. Hyd-245). This condition is attained with the
sloping gate bottom.

Model Description--Freliminary Design

A model of the preliminary design downstream-seal gate was
obtained by modifying the one used in the upstream seal studies (Figure
13). The modifications consisted of transparent slot fillers to reduce
the slot width to 0.25 inches and the depth to 0.63 inches; a new leaf 1.32
inches thick in the flow passage and 0.25 inches thick inthe slots witha
45-degree sloping bottom; and hlocks to narrow the downstream frame
and to provide l-inch (prototype) outward offsets on the downstream




slot corners. The inserts were shaped to converge at a rate of 1:12
to return the passage width to the equivalent of 7 feet 6 inches.

A smooth, well-distributed stream was discharged by this
preliminary model of the downstream-seal gate. The stream was
readily adaptable to release into either a closed rectangular conduit,
an open rectangular chute, or onto'a stilling basin apron (Figures 14,
15, and 16). A coefficient of discharge of 0.97 was obtained. This
was in line with that sought at the outset of the investigation. On the -
hasis of the performance of this preliminary model a more detailed
model was huilt,

Model Description--Recommended Design

The favorable discharge coefficient of the preliminary down-
stream-seal design allowed the designers to reduce the height of the
prototype gate from 9 feet 6 inches to 9 feet 0 inch, and this change
was incorporated in the final model (Figure 17). Narrow gate slots,
a thick leaf with the bottom sloped 45 degrees, and a relatively long
downstream frame were provided. The outward offset at the down-
stream slot corners on the side walls and ceiling was 1/2 inch (pro-
totype) and the return of the passage dimensions to the 7-foot 6~-inch
by 9-foot O-inch conduit was accomplished with walls that converged
at a ra:e of 1:60 relative to the center line. Tiezometers were placed
in regions where field experience had shown cavitation damage on pro-
totype structures (Figure 17). The pressures acting on the piezometers
were measured with single-leg, water-filled manometers.

1t was proposed that the same gate design be used for both the
emergency and regulating gates because this allowed lower initial costs

and reduced maintenance problems. The gates would be placed in tan-

dem with the regulating gate immediately downstiream from the emer-

gency gate. To obtain this tandem arrangement in the model, a dummy

gate was made to represent the flow passages of a gate in the wide-open
position (Figure 1812). The dummy gate could be attached to either the
upstreqm or downstream side of the opcr‘atmﬂr gate. Tiezometers were

placed in the roof and on one side wall (Figure 1813) A transition from

the 6-inch-diameter inlet pipe to the upstream gate frame dimensions
completed the model (Figure 18A). Three plezometers were placed in

the transition along the line leading from a 45-degreepoint on the cir-

cular end to the upper left corner of the rectangular end. This line lies

along the most rapidly diverging element relative to the conduit center

line and was believed to be where the lowest pressures would be en- .
countered in the transition.

Water was supplied to this model through the same piping and
measuring system as used in the previous tests.

Model Tests

Downstream gate conirolling the flow. To represent the con-
dition where the downstream gate (regulating gate) was used for control,
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the model gate was placed on the downstream side of the dummy gate,
Water discharged smoothly at heads up to the equivalent of 400 feet,
and at all gate openings except between 97 and 100 percent of full open.
Between 97 and 100 percent open the water tended to cling to the roof
of the downstream frame, and rough flow resulted. At 100 percent
open the water was in full contact with the roof, and smooth‘flow was
again obtained. At openings less than 97 percent the water jumped
free from the roof and smocoth flow occurred. The flow characteris-
tics at a total equivalent head of 240 feet and at gate openings of 100,
60, 40, and 20 percent are shown in Flgure 19. r'ine spray came from
the corners formed by the gate leaf bottom and the sides of the gate
frame. Thin fins formed along the walls of the downstream frame.
The coefficient of discharge versus gate opening curves for a single
gate and for the tandem arrangement are shown in Figure 20.

Fressure measurements obtained from the piezometers in the
passage walls, and expressed in feet of water, are shown in Figure 21A.
At 100 percent gate opening and at a total head of 240 feet, the pressures
on the roof and on the side walls 3 inches below the roof were positive
just downstream from the gate slot, ‘and became negatwe to the extent
of 4.4 feet near the end of the frame. All the remaining side wall, gate
slot, floor, and transition pressures were positive. At 99 percent copen,
the roof pressures just downstream from the slot were negative to the
extent that cavitation would occur on the prototype if no air were ad-
mitted. The rest of the pressures were about the same as at 100 per-
cent open. At 98 percent open, part of the water still remained in con-
tact with the roof, but no negative pressures greater than 1.6 feet of
water were found. At all smaller gate openings and at all heads tested
the gate slot, side wall, and floor pressures were positive.

The extreme negative pressures on the roof at 99 percent gate
opening were undesirable. To relieve these low pressures, eight 3/32-
inch-diameter air vents were drilled into the roof of the downstream
frame along a line that was the equivalent of 3 inches downstream from
the gate slot (Figure 17). The vents supplied suificient air to limit the
negative pressures to values not greater than 5.7 feet of water (Figure
21A). Better venting would have made the pressures more nearly at-
mosphere. No attempt was made to measure the amount of air drawn
through the vents, but apparently it was nominal because the model air
passages were not conducive to high rates of flow. The important con-
sideration for the prototype structure is that air be admitted across the
full width of the roof in a band as close to the gate leaf as structural
considerations permit.

Upstream gate controlling the flow. To represent the condition
where the upstream (emergency) gate would be the control, the model
gate was placed ahead of the dummy gate. Water discharged in the same
manner as when the downstream gate controlled, and slightly larger side
wall fins were formed, probably due to the greater length of wall below
the control gate (Figure 22). Smooth flow occurred at all gate openings




except between about 97 and 100 percent full open.. When air was not
admitted at the vents the water tended to cling to the roof longer than
previously because the passage was longer and there was less oppor-
tunity for air to move back from the end of the downstream gate. As
expected, the roof pressures were very low ~t gate openings of 98 and
99 percent when the air vents were closed (Figure 21B). The rest of
the pressures were similar to those in the previous tests, but were
higher by the slight amount that the hydraulic grade line was increased.
At 97 percent open the water was springing free of the roof, and the
roof pressures became approximately atmospheric. Good flow oc-
curred at 100 percent opening. The admission of air through the vents
limited the most severe negative pressures in the roof to 11.5 feet of
water, prototype. Better venting would made these pressures more
nearly atmospheric.

The pressures in the roof downstream from the gate slot in
the downstream (dummy) gate were not greatly affected by the low pres-
sures near the preceding gate and remained very slightly negative when-
ever the conduit was full. These slight negative pressures were of about
the same magnitude as those which would occur on the top surfaces at the
end of a straight pipe which is discharging horizontally into the atmos-
phere. :

The nressures on the walls and floor of the upstream gate frame
at openings of 15, 10, and 5 percent and at a total head of 240 feet are
shown in Figure 21B. All were positive. The pressures on the wall 6
inches above the floor in the downstream gate (Station 13) when the up-
stream gate is regulating are positive near the slot and become negative
to a maximum value of 2.20 feet near the end of the frame. The pres-
sures were measured at control gate openings of 100, 99, 98, and 20
percent and at a constant total head of 240 feet (Figure 21B).

Gate discharging underwater. A special research program was
made with the recommended design model gate to determine the pres-
sures that would occur on this type of gate in the event that it were used
underwater. The gate was placed at the end of a 6-inch supply line in
such a manner that it could discharge into a tail box (Figure 23A). Tri-
angular baffles in the box broke up the flow to produce a more quiet
water surface, and a tailgate allowed regulatlon of the water depthabove
the model gate, The gate was tested in arrangements where it discharged
either directly into the pool, or into a 12-inch-long rectangular conduit
leading to the pool (Figures 23B and C).

The pressur- - obtained on the gate are presented in the nondi-
mension form of pr« .-s.: e coefficients wherein the coefficient (or pres-
sure factor) equals '+ pressure difference between the particular pie-
zometer and the reference piezometer, divided by the velocity head at
the reference station. The reference piezometer was taken at a point
in the 6-inch supply pipe 1 diameter upstream from the inlet transition
(Figure 23A). The tabulated pressure coefficients for the gate discharg-
ing directly into the pool are shown in Figure 24. Those for discharge
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into the short conduit are shown in Figure 25. The coefficient of
discharge versus gate opening curves for the two types of operation
are shown in Figures 26A and B, respectively.

These data may be applied to any general situation in the
following manner. First, determine the rate of flow by means of the
gate opening, gate and conduit size, the coefficient of discharge at the
opening, and the total head differential across the gate. Having ob-
tained the flow rate, compute the velocity head at the reference point.
The pressure coefficient for the particular piezometer may then be
multiplied by this velocity head to give the pressure change, in feet
of water, from the piezometer to the reference station. The pres-
sure change, added algebraically to the reference station pressure,
will give the piezometric pressure to be expected at the particular
location. The pressure at the reference station is found by adding the

2
) L1 VR
submergence to the head given by the relation (== - 1)-5—-
¢ (Cd ) g

In general, the gate operates satisfactorily as a regulating
device in submerged installations provided there is adequate water
depth (or pressure) above it. As with most control devices when used
underwater, severe cavitation can occur if the gate is placed in an
improper set-up. The above data may be used to examine future struc-
tures using this design slide gate to insure that adequate submergence
is provided for the head differentials at which the gate is to operate.

For reference purposes the prototype design of the Palisades -
7-foot 6-inch by 9-foot O-inch slide gate is shown in Figures 27 and 28.

Interior - Reclamation - Denver, Colo.
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tigure 6
Report Hyd

A. Full open B. 83% open

C. 67% open 17% open

PALISADES REGULATING SLIDE GATE
Preliminary design, 7' - 6" x 9' - 6" Upstream Seal Gate
Flow conditions for 1:19 scale model at an
equivalent head of 240 feet




Figure 7
Report Hyd 387

A. 67% open

B. 17% open

PALISADES REGUILATING SLIDE GATE
Preliminary Design, 7' - 6" x 9' - 6" Upstream Seal Gale
Flow conditions for 1:19 scale model with downstream
frame removed and equivalent head of 240 feet




FIGURE 8
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Figure 10
Report Hyd 387

A. t'ull open 97% open

C. 67% open D. 17% open

PALISADES REGULATING SLIDE GATE
Preliminary Design, 7' - 6" x 9' - 6" Upstream Seal Gate
Flow conditions for 1:19 scale model with equivalent of
4-inch, 90° sidewall deflectors; a 6-inch, 90° floor deflector,
and a 240-foot head




Figure 11
Report Hvd 387

A. Cavitation in conduit below gate leaf
on left side of right service gate

Cavitation on bottom of gate leaf
on left service gate

P ALISADES REGULATING SLIDE GA'TE
tavitation damage on standard Slide Gates at Caballo Dam




Figure 12
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t'ull open, 8600 cfs B. 75% open, 5500 cfs

C. 50% open, 3500 cfs D. 25% open, 1860 cfs

PAILISADES REGULATING SLIDE GATE
Freliminary Design, 7' - 6" x 9' - 6" Downstream Seal Gate
Flow conditions for 1:19 scale model with the
equivalent of 19 feet of gate-sized conduit downstream,
and a 240-foot head
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A. r'ull open, 8600 cfs B. 75% open,

C. 50% open, 3500 cfs D. 25% open, 1860 cfs

FALISADES REGULATING SLIL. GATE
Preliminary Design, 7' - 6" x 9' - 6" Downstream Seal Gate
Flow conditions for 1:19 scale model with the
equivalent of a 7' - 6"-wide chute downstream, and

a 240-foot head
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A,

r'ull open, 8600 cfs B. 75% open, 5500 cfs

50% open, 3500 cfs D. 25% open, 1860 cfs

P'ALISADES REGULATING SLIDE GATE
Preliminary Design, 7' - 6" x 9' - 6" Downstream Seal Gate
Flow conditions for 1:19 scale model with curved stilling
basin apron downstream and equivalent
head of 240 feet
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PALISADES REGULATING SLIDE GATE
RECOMMENDED DESIéN 7-6°x 9'-0" DOWNSTREAM SEAL GATE
1:19 Scale Modet *
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kull open, 8270 cfs 60% open, 4030 cfs

C. 40% open, 2610 cfs D. 20% open, 1360 cfs

FALISADES REGULATING SLIDE GATE
Recommended Design, 7' - 6" x 9' - 0" Downstream Seal Gate
Flow conditions for 1:19 scale model at an

equivalent head of 240 feet >
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PALISADES REGUILATING SLIDE GATES
Recommended  esign, 7' - 6" x 8° - 07 Downstream Seal Gate
Flow conditions for 1216 scale model with gates in
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NOTES
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Seat and sea! surfoces to be in o common plane after assembly
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